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(57)Abstract 

PROBLEM TO BE SOLVED: To provide a device structure of a 
heteroj unction bipolar transistor and a manufacturing method 
thereof which is capable of operating with high reliability and high 
device characteristics. 

SOLUTION: As for the heteroj unction bipolar transistor having a III- 
V compd. semiconductor-made n-type collector layer 12, a p-type 
base layer 13, and an n-type emitter layer 14 having a wider in bit 
band than that of the base layer 13 on a semiconductor substrate 
10, the base layer 13 is doped with impurities composed of atoms 
other than those in groups III or V, one impurity having a larger 
atomic radius and the other having a atomic radius smaller than that 
of atoms constituting the base layer 13. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



tClaim(s)] 

[Claim 1]In a heteroj unction bipolar transistor which has a n type emitter layer with larger forbidden-band width than 
a n type collector layer, a p type base layer, and this p type base layer which consist of a group-ffl-V- 
semiconducter film on a semiconductor substrate, It is an impurity which comprises an atom applicable to neither III 
fellows nor V fellows as a p type dopant of said p type base layer, A heteroj unction bipolar transistor, wherein an 
impurity with a larger atomic radius than an atom which constitutes said p type base layer, and a small impurity are 
doped. 

[Claim 2]Said n type collector layer and a sub collector layer by which a n type impurity was doped by concentration 
more than 1x10 ,D cm ° between said semiconductor substrates are formed. The heterojunction bipolar transistor 
according to claim 1, wherein a collector electrode is formed on this sub collector layer. 

[Claim 3]On said n type emitter layer, forbidden-band width is smaller than an emitter layer, and it has an emitter 

cap layer formed by a compound semiconductor by which a n type impurity was doped as for more than 1x10 l8 cm~ 

3 , Claim 1, wherein an emitter electrode is formed on this emitter cap layer, or a heterojunction bipolar transistor 
given in dyadic. 

[Claim 4]On a semiconductor substrate, use a group ffi-V semiconductor, and A n type collector layer, In a process 
into which it is a manufacturing method of a heterojunction bipolar transistor which has a process which grows 
epitaxially a n type emitter layer with larger forbidden-band width than a p type base layer and this p type base 
layer one by one, and said p type base layer is grown up, A manufacturing method of a heterojunction bipolar 
transistor doping an impurity with a larger atomic radius than an atom which constitutes this p type base layer, and 
a small impurity. 

[Claim 5]A manufacturing method of the heterojunction bipolar transistor according to claim 4 characterized by 

comprising the following. 

Said semiconductor substrate. 

A process into which a n type impurity grows epitaxially a sub collector layer doped by concentration more than 
1x10 18 cm" 3 between said n type collector layers. 

[Claim 6]On said n type emitter layer, forbidden-band width is smaller than an emitter layer, A manufacturing 
method of a heterojunction bipolar transistor the 4th or given in 5 paragraphs with which a n type impurity is 
characterized by having a process which grows epitaxially an emitter cap layer doped by concentration more than 
lxl0 18 cm" 3 . 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention]Especially this invention relates to a heterojunction bipolar transistor for high-reliability 
operation, and a manufacturing method for the same about a heterojunction bipolar transistor and a manufacturing 
method for the same. 
[0002] 

[Description of the Prior Art]Promising ** of the application to the high frequency element and high-output element 
of mobile communications equipment or an optical fiber communications system from the outstanding high 
frequency characteristic and high current driving capacity is carried out, and the heterojunction bipolar transistor 
(referred to as HBT below) using a group DI-V semiconductor is already put in practical use in part. When putting in 
practical use, improvement in reliability is important and research on reliability has been actively done from the 
former also in HBT. 

[0003]Degradation of the reliability in HBT appears by the phenomenon of decline in current gain during an 
elevated-temperature energization examination, and, in many cases, the increase in base current is seen. As this 
cause, diffusion of the p type dopant in a base layer, the increase in the recombination current of a base surface, 
the further defective-formation in a base layer, etc. can be considered. Then, it is common to provide a hetero 
guard ring which converts into the carbon C with a small diffusion coefficient, or projects an emitter end over a base 
surface ledged, and makes exposure of a base surface small these days from the beryllium Be which is easy to 
diffuse a base dopant. 

[0004]Although the reliability of HBT has improved considerably with such a measure, when a high current which is 
used, for example with a power device is sent, degradation of an element breaks out too. 

[0005]Since the impurity is doped by the base layer at high concentration as this main cause is indicated in the not 
diffusion but following literature of the impurity, Distortion arises from the difference in an atomic radius in a base 
layer, and a defect like a rearrangement occurs, It is thought that that is a recombination center (an eye. Di, E, and 
em 1995 811 pages of technical digestfT. Henderson:IEDM 1995. Technical Digest p81 1 ;T.Henderson). 
[0006]For example, in a GaAs base layer, although Be and C are used as a p type dopant, these have an atomic 
radius smaller than Ga and As, and the part and a lattice become small. In order to ease this distortion, the method 
of adding an III-V group element with a larger atomic radius than Ga and As in a base layer is tried as indicated by 
JP.05-299432.A or JP,06-O37105,A. 

[0007] Drawing 6 shows typically the structure of the heterojunction bipolar transistor formed by the above 
conventional methods. On the semi insulating GaAs substrate 50, The buffer layer 51, the sub collector layer (n- 
GaAs) 56, the collector layer (n-GaAs) 52, the base layer (p-GaAs) 53, the emitter layer (n-AIGaAs or n-InGaP) 54, 
and the emitter cap layer (n + -GaAs) 55 are formed one by one, On the emitter cap layer (n + -GaAs) 55. On the 
collector layer (n-GaAs) 52, the collector electrode (nickel/AuGe/Au alloy) 60 is formed, and the base electrode 
(Ti/Pt/Au) 61 is formed for the emitter electrode (WSi) 62 on the base layer (p-GaAs) 53. respectively. 
[0008]Here, In with a larger atomic radius than Ga and As and Sb are added by the base layer (p-GaAs) 53. 
This is easing distortion. 

[0009] 

[Problem(s) to be Solved by the Invention]Arthough the method of adding In and Sb with a larger atomic radius than 
Ga and As in the base layer mentioned above is effective in respect of lattice relaxation, since In and Sb are atoms 
which constitute a group III-V semiconducter, when it adds to GaAs, they form InAs and GaSb selectively. 
[0010]These compounds have forbidden-band width smaller than GaAs. and the band structure of GaAs itself 
changes. Therefore, the problem that ON voltage changes, or the band gap by the side of a collector becomes large, 
and an electronic running characteristic worsens arises. 

[001l]ln view of an aforementioned problem, the purpose of this invention maintains high-reliability and aims at 

providing the heterojunction bipolar transistor that moreover a device property does not deteriorate 

[0012] 

[Means for Solving the Problem]In a heterojunction bipolar transistor in which this invention has a n type emitter 
layer with larger forbidden-band width than a n type collector layer, a p type base layer, and this p type base layer 
which consist of a group-m-V-semiconducter film on a semiconductor substrate, It is an impurity which comprises 
an atom applicable to neither IE fellows nor V fellows as a p type dopant of said p type base layer, It is related with 
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a heterojunction bipolar transistor, wherein an impurity with a larger atomic radius than an atom which constitutes 
said p type base layer, and a small impurity are doped, 

[0013]In said heterojunction bipolar transistor, between said n type collector layer and said semiconductor 
substrate, It is preferred that a sub collector layer by which a n type impurity was doped by concentration more 
than 1x10 l8 cnrT 3 is formed, and a collector electrode is formed on this sub collector layer. 

[0014]In said heterojunction bipolar transistor, on said n type emitter layer, Forbidden-band width is smaller than an 
emitter layer, and it is preferred that a n type impurity is provided with an emitter cap layer formed by a compound 

semiconductor which was doped as for more than 1x10 18 cm~ 3 . and an emitter electrode is formed on this emitter 
cap layer. 

[001 5]A group m-V semiconducter is used for this invention on a semiconductor substrate, It is a manufacturing 
method of a heterojunction bipolar transistor which has a process which grows epitaxially a n type emitter layer with 
larger forbidden-band width than a n type collector layer, a p type base layer, and this p type base layer one by one, 
In a process into which said p type base layer is grown up, it is related with a manufacturing method of a 
heterojunction bipolar transistor doping an impurity with a larger atomic radius than an atom which constitutes this p 
type base layer, and a small impurity. 

[0016]According to this invention, if a GaAs base layer is taken for an example, by adding as a p type dopant 
combining an impurity with a larger atomic radius than Ga and As, and a small impurity, a difference in a grating 
constant is offset and distortion can be eased. Therefore, a crystal defect by distortion is not generated but high- 
reliability operation is attained. 

[001 7]And since these impurities do not constitute a group HI— V semiconducter, it does not have big influence on 
band structure of GaAs. Since both of the impurities moreover act as a p type dopant, a device property does not 
deteriorate. 
[0018] 

[Embodiment of the InventionjThe embodiment of this invention is explained in full detail below, referring to the 
attached drawing that the above-mentioned purpose, the feature, and advantage of this invention should be made 
clear. 

[0019]Each example may be suitably changed within the limits of the technical thought of this invention, without 
limiting this invention to following embodiments. 

[0020]The composition sectional view of one embodiment of the heterojunction bipolar transistor of this invention is 
shown in drawin g 1. 

[0021]In the figure, the buffer layer 11 (100 nm) which consists of i-GaAs or i-AIGaAs is formed on the semi 
insulating GaAs substrate 10, The n-GaAs collector layer 12 (1000 nm) which 5-x-10 17 cm~ 3 -doped Si is formed on 
this buffer layer 11. On the collector layer 12, p-GaAs base layer 13 (80 nm) which doped C(atomic radius: 0.77A) 
2x10 19 cm~ 3 and Mg(atomic radius: 1.40A)2x10 19 cm~ 3 is formed. The atomic radii of Ga and As are 1.26 A and 1.18A, 
respectively, and an impurity with a larger atomic radius than the atom in which Mg constitutes the base layer 13, 
and C are doped by the base layer 13 as an impurity with a small atomic radius. 

[0022]Here, in the above-mentioned example, the doping ratio of an impurity with a large atomic radius and an 
impurity with a small atomic radius can be suitably decided according to the characteristic of a desired transistor, 
although it is impurity =1:1 with a small impurity:atomic radius with a large atomic radius. The impurity with a large 
atomic radius in the usual case: The range of impurity =30:70 - 70:30 with a small atomic radius is suitable. 
[0023]Impurity plurality with a large impurity with a large atomic radius and a small combination of impurity plurality 
are also possible. 

[0024]On the base layer 13, n-AIGaAs or n-InGaP emitter layer 14 (100 nm) which 3-x-10 l7 cnT 3 -doped Si is 
formed. On the emitter layer 14, in order to take an emitter electrode, forbidden-band width is smaller than the 
emitter layer 14, and n + -GaAs emitter cap layer 15 (100 nm) which doped Si to high concentration (more than 
1x10 18 cm" 3 ) is formed. More than lx10 18 cm~ 3 of the concentration of Si is preferred. 

[0025]Furthermore, the collector electrode 20 which consists of nickel/AuGe/an Au alloy, the base electrode 21 
which consists of Ti/Pt/an Au alloy on the base layer 13, and the emitter electrode 22 which consists of WSi(s) on 
the emitter cap layer 15 are formed on the collector layer 12, respectively. 

[0026]When the reliability trial was done on collector voltage 3V and collector current density 2x10 4 A/cm 2 and 
conditions with a junction temperature of 200 **, a device property did not change the heterojunction bipolar 
transistor shown in drawing 1 f or continuation 1000 hours. Base resistance showed 50 ohms and a low value, and 
the maximum frequency of oscillation (fmax) showed not less than 200 GHz as a high frequency characteristic. 
[0027]Thus, rather than the atom which constitutes the layer in a base layer, by doping an impurity with a large 
atomic radius, and an impurity with a small atomic radius, distortion by the difference in a grating constant was 
eased, and the above high-reliability was able to be acquired. Since the doped impurity is not an element which 
constitutes a group III-V semiconducter, ON voltage does not change with doping and an electronic running 
characteristic does not get worse. 

[0028]In addition to the lamination of the heterojunction bipolar transistor shown in drawing 1 , the sub collector 
layer which doped the n type impurity to high concentration can be provided between a semiconductor substrate 
and a collector layer. 

[0029]The composition sectional view of a heterojunction bipolar transistor in which the sub collector layer was 
provided is shown in drawing 2. Although the figure takes the completely same lamination as drawing 1 except having 
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formed the n-GaAs sub collector layer 16 as for which more than 1x10 18 cm" 3 doped Si under the collector layer, 
and having formed the collector electrode 20 on the sub collector layer 16, By adopting such a structure, collector 
resistance can be reduced and a device property can be improved further. 

[0030]It is also possible to reduce emitter resistance further to the heterojunction bipolar transistor of drawing 2 . 
The structure shown in drawing 3 forms nMnGaAs layer 17 as for which more than 1x10 18 crrT 3 doped not only n + - 
GaAs but Si as an emitter cap layer for such a purpose. The other lamination is completely the same as that of the 
structure of drawing 2 . Forbidden-band width of InGaAs is still narrower than GaAs, heavy doping is possible for it, 
and by taking such lamination, it can reduce emitter resistance further and can improve a device property. 
NONAROIOMIKKU with an emitter electrode can also be taken. 

[0031]In the above-mentioned embodiment if the thickness of GaAs. InGaAs, AIGaAs. and InGaP, doping 
concentration, and a presentation are adapted for the purpose of this structure, they are arbitrary. 
[0032]Although Si is used as a n type impurity and the combination of C and Mg is used as a p type impurity, as a n 
type impurity, it is usable in Se and Sn and usable as a p type impurity in all the things that there is also 
combination of C. Zn, Be, Mg, etc. and suit the main point of this invention. 
[0033]Not only GaAs but Si may be used as a substrate. 

[0034]It is altogether usable if the alloy used for an electrode is also adapted for the purpose. 

[0035]Next the manufacturing method of the heterojunction bipolar transistor of this invention is explained in full 

detail, while an example is shown. 

[0036]The manufacturing method of the heterojunction bipolar transistor of this invention is explained using drawing 
i_and drawing 5 . In the figure, on the semi insulating GaAs substrate 10, use molecular beam epitaxy method (MBE) 
and with the substrate temperature of 600 **. The buffer layer 11 (100 nm) which consists of i-GaAs, and the n- 
GaAs collector layer 12 (1000 nm) which 5-x-10 17 cm~ 3 -doped Si are grown up. 

[0037]Then, p-GaAs base layer 13 (80 nm) is grown up. doping Be:2x10 19 crrT 3 and Mg:2x10 19 cm~ 3 simultaneously. 
The n-AIGaAs emitter layer 14 (100 nm) which furthermore 3-x-10 17 cm~ 3 -doped Si, n + -GaAs emitter cap layer 15 
(100 nm) as for which more than 5x10 l8 cm~ 3 doped Si is grown up in this order (drawing 4 (a)). 
[0038]Next, the emitter electrode 22 which consists of WSi(s) is formed by weld slag, and a mask is carried out by 
the photoresist (PR) 23, and it is processed by dry etching. Furthermore, n + -GaAs emitter cap layer 15 and the n- 
AIGaAs emitter layer 14 are etched using wet etching. At this time, it leaves 40 nm of emitter layers ( drawing 4 (b)). 
[0039]Subsequentiy. a mask is carried out by the photoresist (PR) 24, wet etching of the unnecessary base layer is 
carried out, and the collector layer 12 is exposed ( drawing 4 (c)). 

[0040]Next, the opening only of the base electrode parts is carried out, they carry out etching removal of the 
emitter layer 14 in this opening, and expose the base layer 13. The base electrode 21 which becomes the portion 
which this base layer 13 exposed from Ti/Pt/Au alloy is formed by a lift ofp (drawing 5 (d)). 

[0041]The opening of the collector-electrode part is carried out covering PR mask finally, the collector electrode 20 
which consists of nickel/AuGe/an Au alloy is formed by a lift off, and a device is completed (drawing 5 (e)). 
[0042]Grow up the sub collector layer as for which more than 1x10 18 cm~ 3 doped Si under the collector layer 12, 
and as an emitter cap layer. On n + -GaAs layer 15, if n + -InGaAs layer 17 as for which more than 1x10 18 cm~ 3 doped 
Si is grown up, contact resistance can decrease and a device property can be raised further. 
[0043]In this manufacturing method, if the presentation of a growing condition and each layer, thickness, doping 
concentration, the alloy further used for the kind of n type impurity, the combination of a p type impurity, and an 
electrode, etc. suit the purpose, there is aft optionality, 

[0044]Also in a process, not wet etching but dry etching may be used. If AIGaAs/GaAs selective etching is used 
when etching especially an emitter cap layer, emitter mesa Shigeru will become easy. 

[0045]It is in other manufacturing methods of the heterojunction bipolar transistor of this invention, and while 
drawing 6 is shown, it explains. About the manufacturing method of the heterojunction bipolar transistor of this 
invention, it is the same as that of the method shown in drawing 4 of Example 1 as a growing method except using 
metal-organic chemical vapor deposition (MOVPE). 

[0046]On the semi insulating GaAs substrate 10. use trimethylgallium (TMG) and an arsine (AsH 3 ) first and with the 
substrate temperature of 600 **. The buffer layer 31 (100 nm) which consists of i-GaAs, and the n-GaAs collector 
layer 32 (1000 nm) which did 5x10 17 cm " 3 doping of Si are grown up. Silang (SiH 4 ) is used as Si dopant gas. 

[0047]Then, p-GaAs base layer 33 (80 nm) is grown up, doping C:2x10 19 cm" 3 and Zn:2x10 19 cm" 3 simultaneously. 
The dopant gas of C and Zn is CBr 4 and ZnH 2 - 

[0048]n-InGaP emitter layer 34 (100 nm) which furthermore 3-x-10 l7 cm~ 3 -doped Si is grown up using 
trimethylindium (TMI), TMG, and phosphine (PH 3 ). 

[0049] Subsequently, n + -GaAs emitter cap layer 35 (100 nm) as for which more than 5x10 18 cm" 3 doped Si is grown 
up. 

[0050]About the process after the formation process of this emitter cap layer, by the completely same method as 
Example 1, the collector electrode 40, the base electrode 41, and the emitter electrode 43 were formed, and the 
heterojunction bipolar transistor was produced. 
[0051] 
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[Effect of the InventionjAs explained above, in the heterojunction bipolar transistor, by doping combining an impurity 
with a large atomic radius, and a small impurity, the difference in a grating constant was offset and, according to this 
invention, distortion was able to be eased rather than the atom which constitutes a base layer. Therefore, the 
crystal defect by distortion was not generated but the high-reliability operation without degradation of a device 
property was attained. 



[Translation done.] 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1]The composition sectional view of one embodiment of the heterojunction bipolar transistor of this 
invention is shown. 

[Drawing 2] The composition sectional view of one embodiment of the heterojunction bipolar transistor of this 
invention is shown. 

[Drawing 3 ]The composition sectional view of one embodiment of the heterojunction bipolar transistor of this 
invention is shown. 

[Drawing 4]It is a process sectional view (process of the first half) showing one embodiment of the manufacturing 
method of the heterojunction bipolar transistor of this invention. 

[Drawing 5] It is a process sectional view (process of the second half performed by continuing at drawing 4 ) showing 
one embodiment of the manufacturing method of the heterojunction bipolar transistor of this invention. 
[Drawing 6]The composition sectional view of one embodiment of the heterojunction bipolar transistor of this 
invention is shown. 

[Drawing 7] The tectonic profile of the conventional heterojunction bipolar transistor is shown. 
[Description of Notations] 

10 Semi insulating GaAs substrate 

11 Buffer layer (i-GaAs or i-AIGaAs) 

12 Collector layer (n-GaAs) 

13 Base layer (p-GaAs) 

14 Emitter layer (n-AIGaA or n-InGaP) 

15 Emitter cap layer (n + -GaAs) 

16 Sub collector layer (n-GaAs) 

1 7 Emitter cap layer (n + -InGaAs) 

20 Collector electrode (nickel/AuGe/Au alloy) 

21 Base electrode (Ti/Pt/Au) 

22 Emitter electrode (WSi) 

23 Photoresist 

31 Buffer layer (i-GaAs or i-AIGaAs) 

32 Collector layer (n-GaAs) 

33 Base layer (p-GaAs) 

34 Emitter layer (n-AIGaA or n-InGaP) 

40 Collector electrode (nickel/AuGe/Au alloy) 

41 Base electrode (Ti/Pt/Au) 

42 Emitter electrode (WSi) 

50 Semi insulating GaAs substrate 

51 Buffer layer (i-GaAs or i-AIGaAs) 

52 Collector layer (n-GaAs) 

53 Base layer (p-GaAs) 

54 Emitter layer (n-AIGaA or n-InGaP) 

55 Emitter cap layer (n + -GaAs) 

56 Sub collector layer (n-GaAs) 

60 Collector electrode (nickel/AuGe/Au alloy) 

61 Base electrode (Ti/Pt/Au) 

62 Emitter electrode (WSi) 



[Translation done.] 
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GaAs©/<>K*3eiflcfc«ft1-5 0 ^Ofcfe, ON 

•5o 10 
[00 11] *»|l!©Bfi«H4, ±EWlte«*, ififtffi 

[0 0 12] 

v^ic&i^T, ttrlEpIK— *Jf<7>p§>K— '^b£ 20 
LT. IIIj)l4fcttV«E©V^-fWct>«S L&^JjjW^ 

[0 0 13] SfcBulB^xn^/MjJf-y h7^7 
fc, nM^^lXlo" cm" 3 £A±<Dj&gT-K-t°V^ 

[0 0 14] £ibtC, idfE^rn^/^stf-^ 
i?Xf\£WX* t&fEn^s y^Ji-hKl, i^^^S 
J: 0**MHWS/hS < , nS^Wi x 10" cm" &± 

[00 15] *fc**Kf±, ^£#&K±fC, III-V 
Jf. ^P^-^€J:<9^SlJ»<i^f ^nai5 V # 

[0 0 16] JfclPJtCfcftff, GaAss<~XMZmiZtZ 
piK-^hitt, Ga^Asi ») 

t /h $ t^Wlfc*Jfi*-S-ti-T«iJPl- 5 r b \z X 
£5o fct, 36te.fcSi|iN^Pfef«8£-&-i\ ftftffitt 50 
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[0017] £Hfe©*IMfcttIIl-Vj|IHfc£- 
^^frSr^-f 5t>OT'f44^©-C\ GaAstfVO KflS 

Wfefc pi K-/<> h t LT^fflt5©T\ T'<>f* 

[0 0 18] 

[0 0 19] #3gHJte, £JlT©*lfi»*fclSje$ 

[0 0 2 0] UltC, ^i(D^fDg^/<^/K-7h 

[0 0 2 1 ] PEtete^T, ^ite^ttGaAs&ElOilC, 
i-GaAst> L< tei-AlGaAs;!>>fe&5/< y 7 7 Mil (lOOnm) 
^J***XT*i*)s C©/^5/77^H±{-Silr5X10" c 
m" 3 K— trv^Lfcn-GaAs=» U^^Jil2(1000nin)*^ric 
£*VO*5. =>\/??mi2±.K, C(m*¥'& : 0. 77A)2 
XIO" cm"' fcMg(JS^¥# : 1.40A)2X10" cm" 3 * K— 
f y ^ Lfcp-GaAs^- *Jg 13 (80nm) tf^/jjc £ V 5 „ 
fc*5Ga s ks<DW-.=f-^%\-i. ^n-?tll.26A x 1. 18AT»& 
0, Mg^-^Sl3Sr^1-SH?-J: «9 k^^^TC 
tV^Wft, C#JO£H*«jJ*/haFlf^#Mfei: LT, 

[0022] ^r-e, wft^tt-kz^msbm** 

V^I6* : J&^^aM^^**6fc=l : It? 
Bfm<D V7>*s*9<D<&'&Kl&KxmM&:#>Zi 

m : I ; f*SiS/hJt^=3 0 : 7 0-7 0 : 3 0 

[0023] 4^ m^-^t^^nmi)^^ 

[0 0 2 4] -<-;*Jf 13±{C|± X Si§r3X10"cm 3 K- 
f^^L-fcn-AlGaAs'b t< fin-lnGaP^ 5 2/^^14(100n 
m)^^$tvTV^ 0 31* y^J114±|Cf± % iv^l 

<, Si$riiigS(lxl0' 8 cm"' EA±)|CK-t°>^L7tn- 
GaAsm? y9*>x y 7"gl5(l00nm)^^$nT^5o S 
i^^gtt, 1X10 18 cm" 3 W±*WSL-l/\ 
[0 0 2 5] $b^=U-^^^12±|CNi/AuGe/Au^J&=> 
5>fc5 = ^mS20, ^-^JH3±tTi/Pt/Au^4fed» 
bftS^— ^«ffi21, ?4r*-*?7 > J|15±ICISi£> 

[0 0 2 6] El 1 {C^rLfc^xn^-g-/M^-7 1^7^ 
i^^^Sr, =3U7?mj±M, =JU-^^m^?g«2xl0 4 A/ 
cm' . v?^r 5" 3 >^S200 c C<7)^T*{f SttKiitfi 1 
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U iii^&#tt<!: LT, ft^SJlfe|t(fmax)^200GHz 
[0 0 2 7] C©i5t-v "*-*JBfc, ^C0l$r«^1- 

i#-e#fc. K-fv^ufc^Wi, iii-v 

[0 0 2 8] El l Lfc~«x u^-gvM byy 
[00 2 9] E)2(C S -y-^a^^^JlSrR^^BS! 

•gv-wsK— 7 K7v^^^©#j5Kifffiia^i- 0 rib 

tt, = u-^^g©TI-SiSrixio 18 cm" 3 W±K-t 0 ^^ 

[00 3 0] i2 0^7t3g^q#-7F7y^^ 

^XyP^^y-fMb LTn -GaAs/cttT'/jK, Sifcix 
10 18 cm" £U=K— fcTV^Ufcn -InGaAsSlTSrKJtfcfc 

T*fe5 0 InGaAsflGaAsi <9^$lJ^iii^$ fc(C^< , 

[00 3 1] ^*J±fEHH<D^tC*5^-C, GaAs, InGa 
As, AlGaAs, InGaP©RJP, K-tfV^SI&s SBfiJctt. 

[00 3 2] SfcnMfec LTSi, pI^MfetL 
t, C, MgCom^-tirSrffl^Ti/^^, nl^WfttL 40 

■C, CirZn, Be £Mg^<Dj£^-§~fr #$PJ§C»±g 
[00 3 3] £ *blC, S&i: LTGaAs£tt"C*< , Si£ 
[00 3 4] SfcmSJCffiV^^fc, tOI^CM 
[0 0 3 5] **W©~f'Ci*gvM , :i?- 7 - by 

1"5„ 50 
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[0 0 3 6] *»W©^7 1 oS^/<-<jK-'7 h7>-^ 

5c »*J^t, i|M6<RttGaAsKSlO±tC, ^HHftac 
f * ^rv-ffi(MBE) «r/B^-C2&Kffi«60O , C"C, i-GaAs*»f> 
/iS^y^rSlKlOOnm), Si£5Xio" cm" K-fV^ 
Lfcn-GaAs=i ^gl2(1000nm) £jfcl:$itr5 0 

[0 0 3 7] j^T, Be : 2X10" cm" 3 i:Mg : 2X10" cm 
"' *mmz K-ty^Lft^fep-GaAs-i-^Jf 13(80nm) 
SrfiEftS-e*. $b(-Si^3X10 17 cm" 3 K— bfy^Lfcn 
-AlGaAs^^ $/*Jf 14(100nmh Si£5X10' 8 cm" 3 gi± K 
— Lfcn* -GaAs^i vy^^ft? 7°^15(l00nm) Sr. 
i©JdT/**S*5(H4(a))„ 

[0 0 3 8] WCfSi*»5>453:$ y*«ffi22&*^y 
*T*JIMfcU 7* h 1/-^ KPR)23T?T^^ LT, K9 

ffll^T, n -GaAs^ y * 3r^r ->7°Sl5i:n-AlGaAs^ 5; 

t£tm-f(.®4(b)) 0 
[0 0 3 9] fr^Xy* hl'v'* K(PR)24-t'^^^ U 

zmmzitz (124(c)). 

[0 0 4 0] fttC<— ^«ffi»0*HP LT, iOHP 

i3^gm$-fr5„ ^©^-^^lscDEab/csis^ic, Ti 

/Pt/Au-g^bfcS^-^m^l&y 7 
j*1-i(H5(d)). 
[0 0 4 1 ] A^CPR-r^Sr/WT, = 
5:lP U Ni/AuGe/Au-£hfed i £>&5 =» 1^ *H120£ »J 

(e)) e 

[0 0 4 2] t£jS=i U-^^gl2(7)Tf-SiSrlX10" cm" 3 

y9^ 3 rv y°M b Lt> n*-GaAs^l5±{C, Si^rixio' 8 
cm" 3 £A± K— fi^Lfcn -InGaAsSl7Srfifc*$** 

[0 0 4 3] *H3S*ttfc*VT, *JV«1 
5. 

[0 0 4 4] Sfc7*n-fe^{c*JU>T'{>, !?xy hxj/f 
y^^f-lryT'JiSriy^V'^-f AlGaAs/GaA 

[0 0 4 5] ^WCAfng^^-^ hyV^ 
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mxhz, 

[004 6] ¥»«4GaAs2yglO±fc % Sf h^f^V 
# JJ £ A (JUG) t T /V *s V (AsH, ) £ m ^X W&UMmQX: 
X\ i-CaAs*»bft5/^y 7rJf 3l(l00nmh Si£5Xlo" 
cm"' K— t°>-^Lfcn-GaAs=> l^y" ^^32(1000^) 
£-£5o Si K-'O h#*<t LTfiv^^SiH,)^!^ 

[0 0 4 7] §|£j^T, C:2X10" cm" £Zn:2X10 
" cm' 3 £|5]B#|C K-fV^L^^fjp-GaAs^— -X)f33(8 10 
0nm)£j&ft£-£5 o C, Zn© h^f^tt, CBr, tZ 

[004 8] $ b (CSi £3 X 10" cm" 3 K~ f y ^ Lfcn-I 
nCaPm * y y" g34 (lOOnm) & h JJ ^ > v 7 !7 A (TM 

I), TMG, ^(PH.)S:ffll,>T^ftS*« 0 

[0 0 4 9] &I^T\ Si$r5X10" cm" 3 ^± K-t°V^ 
Lfcn* -GaAs^ v^^t7 7°J§35 (lOOnm) 

So 

[0 0 5 0] ^<D^%y9**yZfm<Dl&tfOm.m&<D 
[00 5 1] 

[HfioflMLftftni 

[Hi] *ISffl©Arni^/M^-7 h7>^^© 
- Hi£»fS©H£$lifr® 0 **i-„ 
[112] ^^o^fp^q^-? Ht^v 5 **© 

[03] *85l©A7D^/M^-7 Yf^^^O 
[04] $M0^7tJf^/q^-7 h7>-^^© 
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[115] ^©^fDg^j((_5 h7>y^^© 
[06] *»W©^n^^<-f#— 7 

[117] 8I©^tp^/W#-7 h7yy^^ioi 

10 ^ite^GaAs&E 

11 /^y7 7l (i-GaAsXIii-AlGaAs) 

12 ^Ix^y-g (n-GaAs) 

13 -<-*Jf (p-GaAs) 

14 3i § y 9M (n-AlGaA3?.l±n-lnGaP) 

15 ■7^ i rty7'I (n'-GaAs) 

16 '=iVt?M (n-GaAs) 

17 3i 5 y 9 dp- ^ y yjf (n -InGaAs) 

20 n U^^mffi (Ni/AuGe/Airg-&) 

21 -^-XflM (Ti/Pt/Au) 

22 3i^ y^^M (WSi) 
23 

31 /^>77i (i-GaAsXfii-AlGaAs) 

32 3|/^^| (n-GaAs) 

33 (p-GaAs) 

34 3i ? yy-g ( n -AlGaAXf±n-InGaP) 

40 3 l/^^Uffi (Ni/AuGe/Au^) 

41 (Ti/Pt/Au) 

42 315; yy-fE^ (WSi) 

50 ¥*feii»t£GaAsSl£ 

51 /<y7 7i (i-GaAsXfii-AlGaAs) 

52 a (n-GaAs) 

53 -<—^M (p-GaAs) 

54 m^yy-Jg (n-AlGaAXiin-InGaP) 

55 31 § y y- dp- ^ y yjg ( n * -GaAs) 

56 -^-7*3 Uy-y-Jf (n-GaAs) 

60 =i\/??W& (Ni/AuGe/Au^) 

61 (Ti/Pt/Au) 

62 3i ? y9 9M (WSi) 



[ill 



[02] 



